Retrieval of an event from memory provides a powerful boost to later recall of that event. Retrieving information while taking a test, for example, improves later retention of the information to a much greater extent than does restudying the same material (i.e., the testing effect; Carrier & Pashler, 1992 ; for a review, see Roediger & Karpicke, 2006 ). In addition, retrieval attempts that are more effortful, such as those following a long retention interval, enhance retention more than retrieval attempts that are less effortful, such as those following a short retention interval (e.g., Bjork, 1994; Pyc & Rawson, 2009 ). Explanations of why retrieval benefits later retention have typically focused on the processing involved in the retrieval attempt itself. For example, the elaborative processing involved in retrieval may enrich existing memory traces (e.g., McDaniel & Masson, 1985) or may increase the number of retrieval routes used to access memories (Bjork, 1975) . To date, however, no theories of the testing effect have considered the role of processing taking place after the retrieval attempt has concluded. Here, we implicate the period immediately following retrieval as playing a part in the benefits conferred by retrieval. We present three experiments that explored the possible role of reconsolidation in strengthening a memory following its reactivation during a test.
The construction of memory-an extended period of encoding and consolidation-has long been considered a dynamic and complex process (Müller & Pilzecker, 1900) . One view of memory construction is that once an event has been encoded, its trace remains relatively fixed. However, many studies (including those of the testing effect) have shown that reactivation of a memory trace changes its subsequent retrievability, either positively (e.g., Roediger & Karpicke, 2006) or negatively (e.g., Bartlett, 1932; Loftus & Palmer, 1974) . Research targeting the neurobiological course of such memory reconsolidation has recently generated much excitement (for a review, see Dudai, 2006) , and fresh attention has been focused on the finding that when memories are retrieved, they become labile and amenable to change (e.g., Lee, 2009; Nader, Schafe, & LeDoux, 2000; Sara, 2000 ; see also Lewis 1979; Mactutus, Ferek, George, & Riccio, 1982; Misanin, Miller, & Lewis, 1968) . 
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Research testing the reconsolidation hypothesis (i.e., that memory can be modified via reactivation and reconsolidation) with animal models has demonstrated that memories can be disrupted when amnestic treatments that block reconsolidation, such as electroconvulsive shock or protein synthesis inhibitors, are administered following memory reactivation (for a review, see, e.g., Sara, 2000) . Retrieved memories have also been shown to be susceptible to interference from new learning introduced at the time of their reactivation. This technique has been the principal method used to investigate the reconsolidation process in humans, and results have usually demonstrated disruption of retention of the original event (e.g., Forcato et al., 2007; Hupbach, Gomez, Hardt, & Nadel, 2007; Schiller et al., 2010; Walker, Brakefield, Hobson, & Stickgold, 2003) . Demonstrations of enhanced reconsolidation (i.e., facilitation following a postretrieval treatment) are quite rare. The only cases of which we are aware involve electrical stimulation (e.g., DeVietti, Conger, & Kirkpatrick, 1977) and pharmacological treatments (Blaiss & Janak, 2006; Gordon, 1977) in animal models. Our experiments provide the first demonstration of facilitation from a postretrieval manipulation in humans.
Taking a test requires retrieval and reactivation of a memory. If the testing effect results only from the processes involved in achieving retrieval, then any event that follows successful retrieval presumably should not exert any influence on later retention. However, if the processes subsequent to retrieval play a role in the testing effect, then memories should be susceptible to the modulatory effects of experiences introduced after the memories are successfully retrieved (as predicted by a reconsolidation account). We hypothesized that an emotionally arousing event following soon after retrieval may enhance reconsolidation because emotional centers of the brain (primarily the amygdala) have close interconnections with the hippocampus, an area involved in consolidation and reconsolidation (see Cahill & McGaugh, 1998, and Kensinger, 2009) .
To test this hypothesis, we asked participants to study Swahili-English translations (e.g., "mashua-boat") and then take a cued-recall test. Upon the successful retrieval of a Swahili word's English translation during the test, a blank screen, a neutral picture, or a negatively valenced arousing picture was presented. Negatively valenced arousing pictures have been shown to elicit the psychophysiological responses that accompany emotional arousal (Lang, Greenwald, Bradley, & Hamm, 1993) . We examined whether an emotional event (the negative picture) could enhance the benefits of a successful retrieval, as measured on a final, delayed test. Our hypothesis was that viewing an emotional picture following retrieval would permit greater final recall than would viewing either a neutral picture or a blank screen.
Although we predicted a positive effect, prior literature could lead one to expect that viewing a negative picture would either inhibit or facilitate memory for that item. One line of research on the effects of emotional arousal during encoding suggests the possibility of inhibition. Such research has shown that presentation of an emotional stimulus diminishes retention of a neutral stimulus that immediately precedes it (for a review, see Mather, 2007) . The paradigm often used to elicit this effect is the oddball paradigm, in which one item-the emotional oddball-is inserted into a list of neutral items (Strange, Hurlemann, & Dolan, 2003) . The method is similar to that of Tulving (1969) , who showed impaired recall for neutral items that preceded presentation of a single "high priority" famous name (see also Schultz, 1971) . Because processing emotional content is attention demanding (Bradley, Cuthbert, & Lang, 1996; Jenkins & Postman, 1948) , continued encoding or consolidation of items preceding an emotional item may be diminished. Given this prior work, we reasoned that in our paradigm, final recall for successfully retrieved items followed by an emotional picture might be diminished compared with final recall for successfully retrieved items followed by a blank screen or a neutral item.
In contrast, recent evidence from a different paradigm (Anderson, Wais, & Gabrieli, 2006) indicates that emotional arousal can sometimes create facilitation during encoding. If this finding can be generalized to the case of retrieval (i.e., if emotional pictures strengthen rather than disrupt the testing effect), our paradigm might provide the first case of facilitatory reconsolidation in humans. In an attempt to resolve the contradiction in prior experiments examining effects of emotion on encoding, Knight and Mather (2009) argued that the amount of attention paid to the neutral items before the presentation of the emotional event was critical. They noted that in the typical oddball paradigm, many neutral items are presented before the emotional oddball is shown, so that attention is diffused over a group of items. They also noted that, in contrast, in the study by Anderson et al., only one neutral item was shown before an emotional stimulus, so neutral items were afforded a high level of attention. In our paradigm, retrieval at test should engage a high level of attentional focus for each item. Accordingly, we hypothesized that the arousing postretrieval event would enhance the benefits of testing (McGaugh, 2006) .
Experiment 1 Method
In our first experiment, 40 undergraduates studied 10 lists, each of which contained 10 pairs of Swahili-English vocabulary words that ranged from difficult to easy, as established by Nelson and Dunlosky (1994;  e.g., lulu-pearl is an easy pair and ubini-forgery is a difficult pair). Participants were told at the start of the experiment that after studying each set of 10 pairs, they would take a cued-recall test, and that all 100 pairs would be tested at the end of the experiment. They were also told that during each initial cued-recall test, they would be learning a second list made up of pictures and that they would have a recognition test on the pictures.
During study, each vocabulary pair was presented for 2 s. After studying 10 pairs, participants solved multiplication problems for 1 min, so that effects of short-term memory would be removed. They then took a cued-recall test on the 10 studied pairs; the Swahili terms were presented one at a time, and the task was to type in the English translation for each word. Immediately following a successful retrieval, participants were presented with one of three, randomly determined postretrieval events (500-ms duration): a blank screen, a neutral picture, or a negatively valenced arousing picture. As in the oddball paradigm, an arousing picture was presented at most once per 10-item list; but as in the Anderson et al. (2006) paradigm, the neutral target item was the focus of attention (i.e., successful retrieval brought the target into the focus of attention before the postretrieval event). Blank screens and neutral pictures were presented equally often after all successful retrievals that were not followed by arousing pictures.
The negatively arousing pictures (e.g., dead cat, pointed gun) were selected from the International Affective Picture System (Lang, Bradley, & Cuthbert, 2008) and had a mean arousal rating of 5.86 and a mean valence of 2.74 (the scales ranged from 1 through 9, with higher values indicating higher arousal or more positive valence). The neutral pictures (e.g., shoelaces, fork) were taken from a set that had been developed for use in other studies; their arousal and valence ratings (on the same 9-point scales) were 3.53 and 5.74.
Following an unsuccessful retrieval, participants were presented with either a blank screen or a neutral picture, but never with an emotional picture (because we were interested in the effects of arousal on successfully retrieved items only). In the case of both successful and unsuccessful retrievals, the postretrieval event lasted for 500 ms, after which the screen cleared and the next Swahili cue was presented for testing.
Following the initial cued-recall test, participants completed 1 min of multiplication problems. This phase was followed by an old/new recognition test in which all of the pictures presented on the recall test were mixed with new pictures. This test was included simply to ensure that participants attended to each picture.
This study-test cycle was repeated with all 10 lists. Each participant studied and was tested on each picture (neutral and arousing) once, and each participant saw the pictures in a different random order. The list position of the emotional picture varied randomly from list to list. After completion of the 10 study-test cycles, participants were given a final cued-recall test of all 100 Swahili-English pairs. In this test, they were given the Swahili words and were instructed to fill in the English translations. The entire experiment was presented on iMac computers in testing rooms with groups of 1 to 4 participants.
Results and discussion
On the initial recall test, the overall average proportion correct was .37 (SE = .02). Our primary interest was in final cuedrecall performance for successfully recalled items in each postretrieval condition. As illustrated in Figure 1 , final recall was better when successful retrieval on the initial test was followed by a negative picture than when it was followed by a blank screen or a neutral picture. A one-way ANOVA revealed a significant effect of condition, F(2, 78 ) = 5.96, MSE = 0.02, η p 2 = .13, p < .05. Final recall was significantly better for pairs that were followed by an emotionally arousing picture (M = .57, SE =.04) than for pairs that were followed by a blank screen (M = .48, SE =.03) or those that were followed by a neutral picture (M = .44, SE =.03), t(39) = 2.14, p < .05, and t(39) = 3.07, p < .01, respectively. Performance for items in the neutral and blank conditions did not differ significantly, t(39) = 1.35, p > .05.
These data are the first to show that arousal following successful retrieval of information enhances later recall of that information. Because this finding was novel, we conducted a second experiment with the goal of replicating the effect. In addition, we sought to extend our results with a characterization of the time course of the effect. In Experiment 2, we delayed the onset of the postretrieval event by 2 s. Does enhancement occur only when the arousing picture is presented immediately following successful retrieval, or would the enhancing effect of arousal also occur when the picture came following a short delay? If the effect persisted, this would suggest that an extended period of processing follows successful retrieval.
Experiment 2 Method
Fifty-six Washington University students participated in Experiment 2. The materials and procedure were identical to those of Experiment 1 except that the postretrieval event occurred 2 s after retrieval, rather than immediately following retrieval. When the participant entered the correct response, a 2-s blank screen appeared; in the appropriate conditions, this screen was followed by a neutral or negatively valenced picture for 500 ms. Finally, the screen cleared, and the next cue was presented.
Results and discussion
On the initial test, the overall average proportion correct was .40 (SE = .02). The data from the final test, depicted in Figure 1 , replicated the pattern of emotional enhancement found in Experiment 1. There was a main effect of postretrieval condition, F(2, 110) = 3.76, MSE = 0.04, η p 2 = .06, p < .05. Final recall performance was best for pairs followed by an emotionally arousing picture in the initial test (M = .58 SE = .04), next best for items followed by a blank screen (M = .50, SE = .02), and poorest for items followed by a neutral picture (M = .47, SE = .02). Performance for items followed by arousing pictures was significantly better than performance for items followed by neutral pictures, t(55) = 2.32, p < .05, and 4 Finn, Roediger marginally better than performance for items followed by a blank screen, t(55) = 1.92, p = .06. Performance for items in the neutral and blank conditions did not differ significantly, t(55) = 0.39, p > .05.
By replicating the results of Experiment 1, Experiment 2 firmly established that negative emotional arousal following a successful retrieval enhances later recall. We were able to extend our results by showing that a negative picture enhanced final recall even when the picture followed retrieval by 2 s. These results suggest that postretrieval processing is not fleeting, but extends beyond the conclusion of a successful retrieval by at least 2 s.
In a final experiment, we sought to rule out a distinctivenessbased explanation of the enhancement effect found in Experiments 1 and 2. The effects of arousal in our first two experiments could represent an isolation effect, whereby the distinctiveness of an emotional event rendered the prior vocabulary pair more memorable than pairs in the control conditions (Hunt, 2006; Schmidt, 1991) . If an emotional picture facilitated later recall of the preceding pair regardless of whether retrieval had occurred, then the enhancement effect should also emerge when a negatively arousing picture follows an item presented for restudy. A restudy event does not require retrieval, and therefore reconsolidation would not be involved. Accordingly,
in Experiment 3, we tested whether emotional arousal would enhance recall when items were restudied.
Experiment 3 Method
Sixty-one Washington University students participated in Experiment 3. The materials and procedure of this experiment were nearly identical to those of Experiments 1 and 2. One critical difference is that vocabulary words were presented for restudy, rather than tested, before the picture manipulation occurred. During study, subjects were presented with the same word pairs as in the previous experiments. They were then given the list again for restudy; immediately following a 2-s restudy presentation of each word, a blank screen, a neutral picture, or a negatively valenced picture was presented for 500 ms. An emotional picture was presented once per block of 10 items. List position of the emotional picture and which of the emotional pictures was presented were randomly determined. The second change to the procedure in Experiment 3 was that the final criterion test occurred after every two lists. A pilot experiment in which all of the items were tested after all 100 items had been presented (as in Experiments 1 and 2) .4
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Proportion Correct Condition B l a n k N e u t r a l A r o u s i n g B l a n k N e u t r a l A r o u s i n g B l a n k N e u t r a l Fig. 1 . Mean proportion correct on the final recall test for items answered correctly on the initial test in Experiments 1 and 2, and items restudied in Experiment 3. Results are shown for the three experimental conditions, which differed in whether the items were followed by a blank screen, a neutral picture, or a negatively arousing picture during the initial test. Error bars depict standard errors of the mean.
yielded floor-level performance. Thus, to avoid floor effects, we tested recall of the previous 20 items after every two lists.
Results and discussion
The data, depicted in Figure 1 , did not show the pattern of emotional enhancement found in Experiments 1 and 2. There was no main effect of postretrieval condition, F < 1, p > .05. Unlike in the previous experiments, mean performance was actually lowest for pairs followed by an emotionally arousing picture, albeit not reliably so. There were no significant differences among the conditions (all ps > .05).
In Experiments 1 and 2, we analyzed the later recall of items that were successfully recalled on the initial test. These successfully retrieved items were likely to be the easier items. In Experiment 3, however, data for all items were analyzed. To ensure that the pattern of findings in Experiment 3 was the same for easy and difficult items, we conducted a 2 (ease: easy or difficult; determined by a median split of the items using Nelson & Dunlosky's, 1994 , norms) × 3 (postretrieval event: blank screen, neutral picture, or emotional picture) ANOVA on final-test performance. There was a significant main effect of ease, F(1, 60) = 93.26, MSE = 0.02, η p 2 = .61, p < .001, but there was no main effect of postretrieval event, F(2, 120) = 1.16, MSE = 0.02, η p 2 = .02, p > .05, nor was there a significant interaction, F(2, 120) = 2.43, MSE = 0.01, η p 2 = .04, p > .05. This analysis confirmed that neither easy nor difficult restudy items give rise to the enhancement effect observed with retrieval. Restudying the words before picture presentation did not elicit the positive effects of emotional pictures on later recall. Thus, a simple distinctiveness-based interpretation of the results from Experiment 1 and 2 is ruled out.
General Discussion
The results of Experiments 1 and 2 provide the first evidence for memory enhancement via postretrieval processing in humans and are consistent with the view that reconsolidation via reactivation enables memory updating. The results also contribute to the literature on the testing effect by showing that processes underlying this effect are not constrained to the period during retrieval, but also extend to a period of reconsolidation following successful retrieval. Performance on a final cued-recall test was enhanced for pairs that had been successfully retrieved on a prior test when those pairs had been followed by an emotionally arousing picture. If the benefit derived from testing were due solely to processes in the period leading up to and including retrieval, then no differences in recall would have emerged from our manipulations. Yet we found that successful retrieval followed by an arousing picture enhanced later recall in comparison with successful retrieval followed by a neutral picture or a blank screen.
A second experiment replicated and extended our finding of postretrieval emotional enhancement. When we delayed the postretrieval event by 2 s, the pattern of emotional enhancement of later recall persisted. In follow-up experiments, we are systematically delaying the onset of the postretrieval event to determine the time course of the reconsolidation process in more detail. We also are examining whether pictures arousing positive emotion have the same effect as negative pictures.
Critically, the enhancement effect was demonstrated only with items that had been successfully retrieved on a prior test. Experiment 3 showed that active retrieval of the pairs is necessary to obtain the effect of emotional arousal on later recall. When vocabulary pairs were simply represented for restudy, no differences in final-test performance emerged across the postrestudy conditions.
The findings presented here are consistent with the extensive evidence showing that emotion influences the accuracy of memory (e.g., Kensinger, 2007) . Evidence suggests that the enhancement observed in our study may occur by means of a modulatory relationship between the amygdala and the hippocampus (e.g., Kensinger, 2009 ). Together, our results and those of Anderson et al. (2006) indicate that emotional pictures can enhance both consolidation and reconsolidation. In sum, our findings demonstrate that retrieval is key for the emotional enhancement of the testing effect observed in Experiments 1 and 2, and support the view that reconsolidation contributes to the memory-enhancing benefits of testing.
